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(g) V-ribbed belt 

(St) a V-ribbed belt having a load carrying section with lengthwise cords therein having a denier of 
2,000-4 ,000d. The belt has a height between inside and outside surfaces thereof that is 0.95-1.15 times 
the distance between the laterally spaced centerllnes of adjacent ribs. The invention also contemplates 
a method of forming the above V-ribbed belt 
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This Invention relates to V-rlbbed power transmission belts and, more particularly, to a belt with load car- 
rying cords constructed to allow the formation of a low profile, flexible belt, yet one which is highly durable under 
heavy load. 

There are many environments in which V-ribbed belts are prefenred over conventional V-belts. V-ribbed 

5 belts are preferred in environments in which a high degree of flexibility if required, as when the belts are trained 
about relatively small diameter pulleys. 

In a typical V-rlbbed belt, load carrying cords of polyester are embedded in a cushion rubber layer. A cover 
cloth tension rubber layer is laminated on the outer surtece or the cushion rubber layer with a compression 
rubber layer laminated on the inside surface of the cushion rubber layer. A plurality of V-shaped ribs are formed 

10 in the lower surface of the compression rubber layer. 

Due to the relatively thin nature of V-ribbed belts, they are prone to stretching, particularly when subjected 
to high loads. To control belt elongation, the load carrying cords have conventionally been thickened which, 
while addressing the problem of elongation, results in an overall thickened belt, which inherently reduces the 
flexibility of the belt. The load canning cords have generally been made of the following thickness: 5,000-6,600d 

15 for K-type V-ribbed belt; 6,000-1 6,500d for L-type V-ribbed belt; and 6,000 to 26,400d for M-type V-ribbed belt. 

It is common for the lateral spacing between the center of the cords to be in the range of 1 .05-1 .20 times 
as large as the diameter of the individual cords. It is also common to construct V-ribbed belts wherein the thick- 
ness between the inside surface of the belt and the outside surface of the belt is in the range of 1 .4-1 .6 times 
as large as the lateral spacing between the center lines of adjacent ribs, i.e. the belt pitch. 

20 The problems with conventional V-ribbed belts can best be explained with respect to the automotive envi- 

ronment. Many automobile engines are now constructed using a serpentine belt system. Such systems employ 
a single V-ribbed belt which is wrapped around the sheaves associated with a plurality of accessories to sim- 
ultaneously drive those accessories. For example, air conditioning units, altemators, and other accessories with 
sheaves mounted in a single plane are simultaneously driven by a single belt The V-ribbed belt is preferred 

25 in that it readily conforms to even small pulleys in following a circuitous route in driving the various components. 
A large degree of flexibility is required in such systems which normally require that both the inside and outside 
surfaces of the belt drive the sheaves. Thus, the belt is bent severely in both directions. Because the V-ribbed 
belt is so flexible, it is possible to construct the engine in a very compact configuration. Further efficiency and 
space savings result from the ability to use a single belt, rather than a plurality of belts. 

30 The V-ribbed belt in the serpentine drive system, and like environments, does, however, have a number 

of drawbacks, attributable In great part to the severe angles at which the belts are bent during operation. There 
is a tendency of conventional V-rlbbed belts to rupture prematurely in operation. To make the belts more flexible 
and to avoid the problem of rupture, it is known to reduce the height of the ribs. However, if the rib height is 
reduced excessively, there is insufficient penetration of the pulley grooves by the ribs and belt slippage may 

35 result. 

The above-mentioned problem of belt elongation is particulariy vexatious in serpentine drive systems due 
to the substantial total lenght of the belt. That is. if the V-ribbed belt is constructed to have the same percentage 
of elongation as conventional type belts, the elongation problem is aggravated by reason of the considerably 
longer length of the V-ribbed belt in the serpentine system. The result is that the tension on the belt is decreased, 
40 which may alter the performance of one or more of the driven components/ 
accessories. 

While a small percentage of elongation is desired, conventional belts using conventional polyester cords 
have generally had a high percentage of elongation. After the belt is stretched, its tension is reduced and slip- 
page may occur. 

45 One solution to the above problem has been to provide an automatic tensioner to bear against the belt to 

compensate for the belt elongation. Belts that elongate readily place a large burden on the belt tensioners. That 
is, the cords, which are commonly polyester, stretch and contract repetitively in response to variations in the 
rotation of the engine. The constantly readjusting automatic tensioner is thus prone to failure. 

Another problem with prior art V-ribbed belts is that the load carrying cords are often ineffectually bonded 

50 to the cushion rubber layer in which the cords reside. It Is common to place a first cushion rubber layer over a 
forming drum, wrap the load carrying cords around the first cushion layer, and subsequently wrap a second 
cushion layer around the cords to captively embed the cords. Due to the relatively large size of the cords 
required to resist elongation, the cords do not effectively embed in the underiying layer on the forming drum. 
This necessitates the second cushion rubber layer and. even then, there may be ineffectual bonding between 

55 the cords and cushk>n rubber layer. 

The present invention is specitically directed to overcoming the above enumerated problems in a novel 
and simple manner. 

It is a principle objective of the present Invention to provide a V-ribbed belt which can be made relatively 
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thin, to be highly flexible, yet one which is capable of operating under heavy loads without detrimental elon- 
gation. These features make the inventive belt particularly desirable for serpentine drive systems in automobile 
engines. 

The present invention comprehends a V-ribbed belt having a plurality of laterally spaced longitudinally 
5 extending ribs, a load carrying section, and a plurality of lengthwise cords in the load carrying section wherein 

each cord has a denier of 2.000-4000d. 

The cords are preferably of aramid fiber, rather than conventional polyester. The load carrying cords are 

also finer than those used in conventional belts. The result is that the overall thickness of the belt is decreased, 

contributing to greater belt flexibility. Further, the thin load carrying cords are themselves readily bendable. Even 
10 after repeated bending in the environment of the serpentine drive system, very little heat is generated by belt 

flexure. This contributes greatly to the durability of the inventive V-ribbed belt. 

It has been found that when the aramid fiber has 2,000d or less, the elongation of the belt is greater than 

desired, particulariy in serpentine drive systems. Additionally, the cords of 2.000d or less tend to readily rupture, 

generally making them unsuitable for use in such environments. 
15 The total thickness of the V-ribbed belt, from the inside surface to the outside surface thereof, according 

to the present invention, is preferably 0,95-1.5 times as large as the pitch of the ribs of the belt. The pitch of 

the belt is the lateral dimension between the centers of adjacent ribs. This results in a thin belt which is highly 

flexible. 

To prevent entanglement between the fibers/filaments of adjacent load carrying cords, the present inven- 
20 tion contemplates that the distance between the centers of the load carrying cords is at least 1.05 times as 
large as the diameter of the load carrying cords. Too large a distance between adjacent cords may result in a 
diminished load carrying capability and possible excessive elongation. To avoid these problems, the invention 
contemplates that the distance between the cord centers be preferably no more than 1.20 times as large as 
the diameter of the individual cords. 
25 In a preferred form, the individual cords are defined by at least two, and preferably three, twisted filaments. 

The use of three filaments effects an interiocking of the individual filaments, each with the other. With two wrap- 
ped filaments, in cross-section, the filaments define a figure eight In this construction, the filaments do not inter- 
lock and may slightly rotate over one another about their lengths. 

Preferably, the load carrying cords are embedded in a cushion rubber layer made from at least one of NR. 
30 CR. HNBR, and BR. 

In one form of the invention, the spacing between the inside edge of the cords and the inside surface of 
the cushion rubber layer is approximately equal to 0.45 times the diameter of the cords. 

The invention further contemplates a V-ribbed belt wherein the cushion rubber layer and a compression 
rubber layer, in which the ribs are formed, are both made of the same material. Preferably, the compression 
35 rubber layer is harder than the cushion rubber layer. 

The invention further contemplates a belt in which short staple reinforcing fibers are embedded In the conD- 
pression section to be aligned laterally of the belt. A canvas layer may be provided on the outer surface of the 
belt. 

The Invention still further contemplates a method of forming a V-ribbed belt which allows a thinner cushion 
40 rubber layer to be employed, thereby reducing the overall thickness of the belt and increasing its flexibility. 

More specifically, the method of forming a V-ribbed belt according to the present invention consists of the 
steps of winding a first cushion rubber layer on a winding drum, winding a plurality of load carrying cords on 
the cushion rubber layer so that the load carrying cords embed in the cushion rubber layer, and winding a conv 
pression rubber layer directly against the first cushion rubber layer with the load carrying cords embedded the- 
45 rein. 

An optional canvas layer can be placed over the winding drum before the first cushion rubber layer. 

Because the load carrying cords are thin, they readily embed in the underiying cushion rubber layer on the 
fonming drum. This obviates the need for a second cushion rubber layer to be subsequentiy wrapped over the 
load carrying cords. 

so In short, the thickness of the inventive belt is reduced by a) reducing the thickness of the load carrying cords, 

and b) reducing the required thickness for the cushion rubber layer. A thin belt results which is nonetheless 
capable of operating effectively under a high load in the serpentine drive system environment. 

Brief Description of the Drawings 

55 

FIG. 1 is a cross-sectional perspective view of a V-ribbed belt according to the present invention; 

FIG. 2 is a graph showing the relationship between total denier and bending rigidity for a load carrying cord 

in a V-ribbed belt; 
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FIG. 3 is a schematic, side elevation view of a test setup for a V-ribbed belt; 

FIG. 4 is a graph showing the relationship between the total denier of a load cafrying cord and the per- 
centage of cord strength retained after a belt is operated for a predetermined period of time; and 
FIG. 5 is a graph showing the relationship between running time and elongation percentage for various 
5 test belts. 

In FIG. 1. a V-ribbed belt, according to the present invention, is shown at 10. The belt 10 consists of a ten- 
sion section 12, a load carrying section 14, and a compression section 16. A plurality of load carrying cords 
18, extending in a lengthwise direction, are embedded in a cushion rubber layer 20, preferably made from rubber 
such as NR, CR, HNBR, BR. and the like. Two layers 22,24 of bias canvas, with woven warp and weft yams. 

10 are adhered to the outer surface 26 of the cushion rubber layer 20. The yarns in the canvas layers 22,24 are 
preferably twisted filaments of polyester, polyamide, aramid, and the like. 

The compression section 16 is defined by a rubber layer 28, made preferably of the same rubber as the 
cushion rubber layer 20, and is laminated onto the Inside surface 30 of the cushion rubber layer 20. The rubber 
of the compression section 16 is preferably harder than that of the cushion rubber layer 20. The compression 

15 section 16 is cut to define longitudinally extending. V-shaped ribs 32.34.36, with the three ribs shown being 
only examplary of the number that may be employed. 

The compression section 16/ribs 32,34,36 are reinforced by a plurality of short, staple, reinforcing fibers 
38, which align generally parallel to each other and extend in a lateral direction. The fibers 38 are preferably 
made of at least one of natural fiber, polyester, polyamide, and the like. 

20 The load carrying cords 18, according to the present invention, are made preferably from an aromatic 

polyamide fiber. Each cord 18 is formed by twisting two, and preferably three, individual filaments. Use of only 
two filaments is not preferred in that in cross-section tho twisted filaments assume the shape of a figure eight. 
The fibers are thus not stably situated with respect to each other and are able to relatively twist about their 
lengths. Thus, the position of the filaments in the cord 18 is not fixed, even with the cords 18 molded into the 

25 cushion rubber layer 20. The filaments may also have an irregular twisting arrangement. With at least three 
filaments, there is interlocking of the filaments that stabilizes the relative positions thereof. 

The invention contemplates that the total denier number for the load carrying cords 18 is 2,000-4,000d. in 
one preferred form, which was comparatively tested, as described below, each filament preferably has a thick- 
ness of 1 ,000d. so that the entire cord 18 is 3,000d. Each cord has a diameter of approximately 0.81 mm. 

30 The invention further contemplates that the interval A, between the laterally spaced centers of the cords 

18, is 1.05-1.2 times as large as the diameter of the individual cords 18. The center lines of the cords, in the 
one preferred form, are spaced to be 1 .10 times the diameter of the cords 18. The resulting cords 18 have a 
tensile strength of 3-7 kgf. 

The total thickness H of the belt between the inside surface 40 and the outside surface 26 thereof is, accord- 
35 ing to the invention, between 0.95 and 1.15 times as large as the pitch 8 of the ribs 32.34,36. The pitch B is 
the lateral distance between the center lines for adjacent ribs 32,34,36. In the one preferred form, the total thick- 
ness H of the belt Is 1.01 times the pitch B for the ribs 32,34,36. 

The thickness of X between the Inside edge of the cords 18 to the bottom surface 26 of the cushion rubber 
layer 20 is varied in proportion to the diameter of the core wire. Preferably, the distance X is equal to 45% of 
40 the diameter of the load carrying cord 18. 

V-ribbed belts are conventionally formed in the following manner, first, the canvas layers 22,24 are wound 
against the outer surface 42 of a molding drum 44. A first cushion rubber layer is wound over the canvas layers 
22,24. The cords 1 8 are then wound against the first cushion rubber layer after which a second cushion rubber 
layer is wound over the load carrying cords 1 8. The compression rubber layer 28 is then wound over the second 
45 cushion rubber layer, after which the assembled components are vulcanized and cured. The compressk>n rub- 
ber layer 28 is then cut to form the individual ribs 32,34,36. 

The present invention comprehends a method which not only simplifies the manufacturing process but also 
results in a reduced thickness belt The present invention contemplates that the step of winding a second cush- 
ion rubber layer be omitted. That is, only a single cushion rubber layer 28 need be applied over the molding 
50 drum 44. The thin load carrying cords 18 contemplated by the invention, during assembly, dig into the single 
cushion rubber layer 20 so as to be effectively embedded therein. Thus the second cushion rubber layer is 
unnecessary. 

On the other hand, in the conventional manufacturing method, the cords 18 are sufficiently large that they 
do not fully penetrate the first placed cushion rubber layer when wound in place. The result is that the second 
55 layer is necessary to captively adhere the load carrying cords 18. Thus, if one attempted to manufacture V-rib- 
bed belts with conventional load carrying cords over a single cushion rubber layer, the cords would not be effec- 
tively adhered to/embedded In the cushion rubber layer. 

The following experimental data demonstrates the effectiveness of the present invention. 
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Experimental Samples 



The V-ribbed belts tested in the following experiment had the same profile and dimensions as that for the 
belt of the preferred embodiment described above. The only distinction between the belts tested was that the 
5 total denier number of the load carrying cords was different. Four V-ribbed belts were compared to the inventive 
belt having load carrying cords of S.OOOd. 



Experiment 

10 The flexibility of the V-ribbed belts was measured with the ratio of rigidity for four of the belts compared to 

that of the inventive belt having load carrying cords of 3,000d. The results are shown in Table 1 and in the graph 
of FIG. 2. 
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Total 
Denier 



2;00Q d 
3,000 d 
4,000 d 
6,000 d 
9,000 d 



TABLE 1 



of Cord 



0,72 

0. 55 

1. 04 
1.23 



Bending 
Rigidity 



1,0 
1>4 
1.9 
3-0 



% Retention 
of Cord 
Strength 



78 
75 
70 
63 
52 



30 From these results, it can be seen that even though the conventional and inventive belts tested had equal 

thicknesses, the belts having the thinner load carrying cords were more readily bent, i.e. were more flexible. 

Experiment ^2 

35 Experimental belts were tested on a system, shown at 50 in FIG. 3. Each test belt 10 was trained around 

drive and driven pulleys 52,54 and a tensioning pulley 56. Twelve horsepower was transmitted at 4900 rpm. 
The pulley 56 was borne against the inside surface 58 of the belt 10 with a 30 kgf force. This force application 
IS indicated by the letter W being applied in the direction of the arrow 60 to product a wrap angle of 90**. The 
belt was operated under these conditions for 500 hours. 

40 The strength of each belt before the operation was compared to that after 500 hours of operation. The data 

was calculated in terms of percentage, with the results being shown in Table 1 and the graph of FIG. 4. 

From that test, it can be seen that when the denier of the load carrying cords is 4,000d or less, the strength 
and durability of the belt 10 are vary high. 

45 Durability Test 

The following V-ribbed belts were constructed and tested for durability. 

Example A 

50 

Load carrying cords were formed of aromatic polyamide of 3.000d. The belt height H was 4.3 mm and 1 .2 
times the rib pitch B. 

Example B 

55 

Load carrying cords were fonmed of aromatic polyamide of 3,000d. The height of the belt was 3.6 mm with 
the belt pitch B being equal to the height H of the belL 
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Comparison Example C 

The load carrying cords were formed of aromatic polyamide with S.OOOd. The height H of the belt was 5.2 
mm and 1,4 times the rib pitch B. 

5 

Comparison Example D 

The load canrying cords were formed of aromatic polyamide with 6.000d. The height H of the belt was 4.5 
mm and 1.3 times the rib pitch B. 

10 

Comparison Example E 

The load carrying cords were fonned of polyester of 6,000d. The height H of the belt was 4.3 mm and 1.2 
times the pitch B of the ribs. 

IS The results of the test are shown in the graph of FIG. 5. The belt of Example A ran for 470 hours and that 

of Example B for 334 hours. Comparison Examples C, D and E ruptured much eariier than the belts according 
to the present Invention - Examples A & B. The elongation of the belts of Examples A and B was also small 
compared to that for examples C-E. 

The foregoing disclosure of specific embodiments is intended to be illustrative of the broad concepts com- 

20 prehended by the Invention. 



Claims 

25 1. A V-ribbed belt comprising: 

a plurality of laterally spaced longitudinally extending ribs; 
a load carrying section; and 

a plurality of lengthwise cords in the load carrying section; 
each said cord having a denier of 2,000-4,000d. 

30 

2. A belt according to claim 1 wherein the cords are embedded in a cushion rubber layer made from at least 
one of NR,CR, HNBR, and BR. 

3. A belt according to claim 2 wherein the cushion rubber layer has an inside surface and an outside surface, 
35 each said lengthwise cord has a diameter with an inside edge and an outside edge and the distance from 

the inside edge of the cords to the inside surface of the cushion rubber layer is approximately equal to 
0.45 times the diameter of the cords. 

4. A V-ribbed belt comprising: 

40 a load carrying section defined at least in part by a cushion rubber layer; 

a compression rubber layer; 

a plurality of laterally spaced longitudinally extending ribs defined in the compression rubber layer. 

and 

a plurality of lengthwise cords in the load carrying section; 
45 each said cord having a denier of 2.000-4,000d. 

5. A belt according to claim 4 wherein the cords are embedded in the cushion rubber layer and the cushion 
rubber layer is made from at least one of NR. CR, HNBR and BR. 

50 6. A belt according to daim 4 or 5 wherein there are short staple reinforcing fibres In the compression rubber 
layer and extending substantially in a lateral direction, said reinforcing fibres being at least one of natural 
fibre, polyester, and polyamide. 

7, A belt according to any of claims 4 to 6 wherein the cushion rubber layer has an outside surface and an 
55 inside surface and there is at least one bias canvas layer on the outside of the cushion mbber layer. 

8. A belt according to any of claims 4 to 7 wherein the compression rubber layer is harder than the cushion 
rubber layer. . . 
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9. A belt according to any one of claims 1 to 8 wherein the ribs have laterally spaced centrelines, the belt 
has an inside surface and an outside surface and the distance between the Inside belt surface and the 
outside belt surface is 0.95-1.15 times the distance between the centrelines on adjacent ribs. 

5 10. A belt according to any of claims 1 to 9 wherein each said lengthwise cord has a diameter and a centreline, 
and the distance between the centrelines on adjacent cords is 1.05-1.20 times as large as the diameter 
of the cords. 

11. A belt according to any of claims 1 to 10 wherein the cords are defined by at least two, preferably at least 
10 three, twisted filaments. 

12. A belt according to any of claims 1 to 1 1 wherein the cords are made from an aramid fibre or an aromatic 
polyamide fibre. 

15 13. A belt according to any of claims 1 to 12 wherein each said lengthwise cords has a diameter and a cen- 
treline, and the distance between the centrelines on adjacent cords is 1 .05-1 .20 times as large as the 
diameter of the cords. 

14. A method of forming a V-ribbed belt, said method comprising the steps of: 
20 winding a first cushion rubber layer on a winding drum; 

winding a plurality of load carrying cords on the first cushion rubber layer so that the load carrying 
cords embed in the cushion rubber layer; and 

winding a compression rubber layer directly against the first cushion rubber layer with the load car- 
rying cords embedded therein. 



25 
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55 



15. A method according to claim 1 4 including the step of wrapping a canvas layer over the winding drum before 
the first cushion rubber layer is wound on the drum. 

16. A method according to claim 14 or 15 wherein the cords have a denier of 2,000-4,000d. 
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(g) V-ribbed belt 



(§7) A V<ribbed belt (10) having a load carrying 
section (14) with lengthwise cords (18) therein 
having a denier of 2,O0(M,OO0d. The belt has a 
height between inside and outside surfaces 
thereof that is 0.95-1.15 times the distance fc>e- 
tween the laterally spaced centeilines of adja- 
cent ribs (32,34). The invention also 
contemplates a metfiod of . forming the atx>ve 
V-ribbed belt. 
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